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1 Introduction
Theoretical investigation of relativistic high-spin fields is very important in the connection with the present
experimental situation when hadrons of spin up to 6 have been found [1], see Table I. A correct modelling
of reactions which include high-spin states requires a Lorentz covariant treatment of these quantum fields.
Table I. High-spin hadron resonances.
Meson a6(2450) I
G = 1− JPC = 6++
Meson f6(2510) I
G = 0+ JPC = 6++
Baryon ∆(2420), H3,11 I =
3
2 J
P = 112
+
Baryon N(2600), I1,11 I =
1
2 J
P = 112
−
First of all, let me draw some preliminary statements connected with the subject of my talk:
— There is no exist a fully satisfactory formalism for high-spin fields. Neither Rarita - Schwinger ap-
proach [2], in which wave function is a tensor of Sth rank for bosons or a product of a Dirac spinor and
a tensor of Sth rank for fermions, nor Bargamann-Wigner approach [3], in which wave function presents
oneself a symmetric 2Sth order spinor, provide consistent field equations in the case of spin S ≥ 1 when
gauge interaction includes (∂µ → ∂µ − ieAµ). The Joos-Weinberg approach [4, 5] considered in Section 2
is also not free from difficulties. E. g., in ref. [6] it was shown that Weinberg equations have kinematically
anomalous solutions and, moreover, suffer from problem of interpretation negative energy solutions which
have incorrect parity. Analogously to other formalisms, the Joos-Weinberg equations do not provide satis-
factory mechanism for including interaction, as marked in ref. [6a]. However, recent development of this
formalism, undertaken by Ahluwalia et al. [7], namely, construction of a Bargamann-Wightman-Wigner-type
quantum field theory [8], in which a boson and its antiboson appear with opposite relative intrinsic parity,
recasting Weinberg equations allowing for additional factor ℘u,v in front of mass term, gives more trust in
construction of adequate formalism for description of high-spin hadron resonances.
— In the book [9, p.77] it was written: ’The fields associated with these particles, φ and ψ (V. D. : spinor
and scalar), are not classically observable. There is no well-defined (measurable) classical limit or classical
field theory to guide us through quantization. This is not true for the photon (free, massless, spin 1 boson)...
Yet, even though we have an experimentally well-defined classical theory to guide us, the quantization of
electromagnetic field is by far the most delicate.’
In fact, such notions as a bispinor, a Lagrangian of spinor field, a self-interaction potential etc. are
required in relativistic quantum models only. Why should we have the classical analog for electromagnetic
field, Aµ, the 4- vector potential?
— In the procedure of quantization of electromagnetic field it is necessary to satisfy simultaneously: a)
requirement of positive energy density; b) Lorentz condition; c) condition of transversality; d) relativistic
covariance. As a result, problem of indefinite metrics appears when quantization of electromagnetic field.
We need to assume that zero-component of vector potential is anti-Hermitian. As mentioned in [10, p.93],
’the physical meaning of so-called quantization on indefinite metric in the system Hilbert space is obscure’.
There are still some attempts of construction of electromagnetic field theory without indefinite metrics [11].
— Well-known formalisms for description of massive vector particles (Kemmer β- formalism, Proca
theory etc.) have no renormalizability. In order to get the renormalizable theory with heavy vector bosons
we need implementing the Higgs mechanism or additional heavy vector particle [12] coupled to the conserved
current [13] or using non-local current operator [14].
— It was observed by Tam and Happer [15] that circularly polarized laser beams of opposite polarization
repel each other, beams of equal polarization attract in a medium of sodium vapour. This result can be
interpreted in terms of long-range spin-spin forces resulting from exchange of massless axial vector gauge
particles (in the first order of perturbation theory), ref. [16], without applying to non-linear electrodynamics.
— Introduction of axial magnetic current (gµ = −gΨ¯γµγ5Ψ) and axial-vector potentials permits one
to avoid several difficulties in the Dirac theory of magnetic monopoles, namely, it has not to resort to a
pseudoscalar magnetic charge; the quantum of field’s angular momentum is not necessarily half integer [17].
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— Essential disagreement turns out between theoretical prediction [18]:
Γtheor3 (o− Ps) = 7.038 236(10)µs−1. (1.1)
and experimental values for the decay rate of orthopositronium [19]:{
Γexp3 (o− Ps) = 7.0514(14)µs−1, ref. [19a]
Γexp3 (o− Ps) = 7.0482(16)µs−1, ref. [19b].
(1.2)
What is the origen of ∼ 10 standard deviation from predicted theoretical decay rate?1.
The questions induced me and others to look at the different descriptions of high-spin particles.
2 Model
In the beginning of the sixties Joos [4], Weinberg [5] and Weaver, Hammer, and Good [21] have developed
a description of free particles with an arbitrary spin S = 0, 12 , 1,
3
2 · · · The wave functions (WF’s) in this
approach form the basis of the (S, 0)⊕ (0, S) representation of the Lorentz group and are presented by the
2(2S + 1)– component spinor:
Ψ =
(
Φσ
Ξσ
)
. (2.1)
The transformation rules 

Φσ(~p) = exp
(
+θ~ˆp ~ˆJ
)
Φσ (0) ,
Ξσ (~p) = exp
(
−θ~ˆp ~ˆJ
)
Ξσ (0)
(2.2)
( θ is the boost parameter, tanh θ = |~p|
E
, ~ˆp = ~p|~p| , ~p is the three-momentum of the particle,
~ˆJ is the
angular momentum operator) represent generalization of the well–known Lorentz boosts for a Dirac particle.
This way of description is on an equal footing to description of Dirac particles which have wave function
transformed on the (12 , 0)⊕ (0, 12 ) representation.
2(2S + 1)- component bispinors in momentum space transform according to
U(~p) =
1√
2
(
DS (α(~p)) ξσ
DS
(
α−1+(~p)
)
ξσ
)
, (2.3)
for positive-energy states; and
V (~p) =
1√
2
(
DS
(
α(~p)C−1
)
ξ∗σ
DS
(
α−1+(~p)C−1
)
(−1)2Sξ∗σ
)
, (2.4)
for negative-energy states with the following notations:
α(~p) =
p0 +M + (~σ~p)√
2M(p0 +M)
, C = −iσ2 (2.5)
being used. D(S)[Λ] answers for (S, 0) representation of Lorentz group.
1M. Samuel, ref. [20], recently proposed the way of dissolving this problem by using some estimations of next orders. However,
calculations of corrections ∼ α8 are not yet carried out. In the connection with the above three points let me propose another
way of estimations of higher orders of Γtheor(o − Ps). To my knowledge nobody checked the influence of existence of axial-
vector particle on the theoretical result. Moreover, even in the absence of this particle it is well known that the Bethe-Salpeter
kernel can be expanded in γ-matrix algebra as I1 ⊗ I2 ⊕ γ1
5
⊗ γ2
5
⊕ γ1µ ⊗ γ
2
µ ⊕ (γµγ5)
1 ⊗ (γµγ5)2 ⊕ σ1µν ⊗ σ
2
µν . Calculating the
additional diagrams with scalar, pseudoscalar, axial-vector and tensor exchanges in the Born approximation and comparing the
contributions of these diagrams with the known result of lower orders on α (in order to define weight of each of diagrams) we
could be able to ”catch” corrections of the higher orders to this quantity, which are only found from many-photon diagrams
when usual calculations.
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For particle with spin S the equation has the following form:[
γµ1µ2...µ2S∂µ1∂µ2 . . . ∂µ2S +M
2S
]
Ψ(x) = 0, (2.6)
where γ- matrices are covariantly defined 2(2S + 1)⊗ 2(2S + 1)- matrices discussed in ref. [22] for the first
time:
γµ1µ2...µ2S ≡ −i2S
(
0 tµ1µ2...µ2S
t¯µ1µ2...µ2S 0
)
γ5 ≡
(
1 0
0 −1
)
,
with
t¯µ1µ2...µ2S = ±tµ1µ2...µ2S , (2.7)
sign being ”−” when µ’s contain altogether an odd number of space-like indices;
(t¯µ1µ2...µ2S )∗ = Ctµ1µ2...µ2SC−1; (2.8)
and tensor t is defined as following:
1) tµ1µ2...µ2Sσσ′ is the (2S + 1) matrix with σ, σ
′ = j, j − 1, . . . ,−j;µ1 . . . µ2S = 0, 1, 2, 3;
2) t is symmetric in all µ’s;
3) t is traceless in all µ’s, i. e., gµ1µ2t
µ1µ2...µ2S
σσ′ = 0;
4) t is tensor under Lorentz transformations,
D(S)[Λ]t µ1µ2...µ2SD(S)[Λ]+ = Λµ1ν1Λ
µ2
ν2
. . .Λµ2Sν2S t
ν1ν2...ν2S
D¯(S)[Λ]t¯ µ1µ2...µ2S D¯(S)[Λ]+ = Λµ1ν1Λ
µ2
ν2
. . .Λµ2Sν2S t¯
ν1ν2...ν2S . (2.9)
Here
D¯(S)[Λ] ≡ D(S)[Λ−1]+ (2.10)
is a matrix corresponding to Lorentz transformation Λ in (0, S) representation. This way of description is in
accordance with Weinberg theorem as opposed to description on the basis of Aµ, vector potential. Weinberg
theorem says:
The field constructed from massless particle operator a(~p, λ) of definite helicity transforms according to
representation (A,B) such that B −A = λ.
E. g., a left-circularly polarized photon with λ = −1 can be associated with (1, 0), (32 , 12 ), (2, 1) fields, but
not with the vector potential, (12 ,
1
2 ).
It is not the case of massive particle. The field can be constructed out of 2S+1 operators a(~p, σ) for any
representation (A,B) that contains S such that S = A+ B,A+B − 1 . . . | A− B |, e. g., out of the vector
potential.
If we use the vector potential this means that we don’t have well-defined creation and annihilation operators
in the beginning of quantization procedure.
It is also possible to develop the Hamiltonian approach. In the case of spin-1/2 particle we come to usual
Dirac Hamiltonian
H = (~α~p) +mβ. (2.11)
In the case of S = 1 the Hamiltonian is much more complicated [21, 23]:
H = 2E
2
2E2 −M2 (~α~p) + β
[
E − 2E
2E2 −M2 (~α~p)
2
]
, (2.12)
where
3
~α ≡
(
~S 0
0 −~S
)
, β ≡
(
0 1
1 0
)
,
In the papers of P. M. Mathews, e. g., ref. [23], and D. Williams et al., ref. [24], Hamiltonian for any
spin in this formalism has been constructed. It has the following form:
H =
∑
ν
(E + p)4ν −M4ν
(E + p)4ν +M4ν
ECν + β
∑
ν
2EM2ν(E + p)2ν
(E + p)4ν +M4ν
Bν , (2.13)
where
Bν = Λν + Λ−ν , (2.14)
Cν = = Λν − Λ−ν. (2.15)
Λ is a projection operator to an eigenvalue ν of helicity operator λp = (~α~p)/|~p|, ν = −S,−S + 1 . . . S. The
coefficients B and C are presented in Table II.
Table II. Coefficients Bµ, Cµ in the Hamiltonian.
S integer S half-odd integer
B0 =
∏S
µ=1
λ2p−µ
2
−µ2
Bν = B−ν =
λ2p
ν2
∏′S
µ=1
λ2p−µ
2
ν2−µ2 Bν = B−ν =
∏′S
µ=1/2
λ2p−µ
2
ν2−µ2
Cν = −C−ν = λpν
∏′S
µ=1
λ2p−µ
2
ν2−µ2 Cν = −C−ν = λpν
∏′S
µ=1/2
λ2p−µ
2
ν2−µ2
The prime on the product sign indicates that µ = ν is to be excluded.
Following this description, the spin-one case [25]-[27] as well as the spin- 32 case [28] have been investigated
in details. In the case of spin S = 1 one has
D(1,0) (α(~p)) = 1 +
(~S~p)
M
+
(~S~p)2
M(p0 +M)
, (2.16)
function appearing in (2.3); normalization factor is equal to 1.
In the articles [26, 27, 29] the Feynman diagram technique is discussed for vector particles in a slightly
different version of six-component formalism for quantum electrodynamics (QED). The following Lagrangian:
LQED = π˜µΨ¯(x)ΓµνπνΨ(x)− 2M2Ψ¯(x)Ψ(x) + 1
4
FµνFµν−
− eλ
12
FµνΨ¯(x)γ5,µνΨ(x)− eκ
12M2
∂αFµν
[
Ψ¯(x)γ6,µν,αβπβΨ(x)−
− π˜βΨ¯(x)γ6,µν,αβΨ(x)
]
(2.17)
has been used there. In the above formula we have πµ = −i∂µ − eAµ, π˜µ = −i∂µ + eAµ, µ, ν = 1, . . . 4;
Fµν = ∂µAν − ∂νAµ is the electromagnetic field tensor; Aµ is the 4- vector of the electromagnetic field; Ψ¯,Ψ
are the six-component WF of the massive vector particle. The following expression has been obtained for
the interaction vertex of a vector particle with a photon:
− eΓαβ(p+ k)β − ieλ
6
γ5,αβqβ +
eκ
6M2
γ6,αβ,µνqβqµ(p+ k)ν , (2.18)
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where e is electron charge, λ and κ are the quantities which correspond to the magnetic dipole moment and
the electric quadrupole moment, respectively; M is the mass of vector particle; Γαβ = γαβ + δαβ ; γαβ are
defined by the formulae
γij =
(
0 δij − SiSj − SjSi
δij − SiSj − SjSi 0
)
, (2.19)
γi4 = γ4i =
(
0 iSi
−iSi 0
)
, γ44 =
(
0 1
1 0
)
; (2.20)
(Si are the spin matrices for a vector particle). γ5,αβ ; γ6,αβ,µν are also 6⊗ 6- matrices:
γ5,αβ = i[γαµ, γβµ], (2.21)
γ6,αβ,µν = [γαµ, γβν ]+ + 2δαµδβν − [γβµ, γαν ]+ − 2δβµδαν . (2.22)
36 independent Hermitian matrices: (1, γ5, γαβ , iγ5γαβ , γ5,αβ, γ6,αβ,µν) form a complete set of 6⊗6 matrices.
The propagator of vector meson in this formulation is
GF (p) = −
i
[
2M2 − pµpν(γµν − δµν)
]
4M2(p2 +M2 − iǫ) . (2.23)
It was noted in ref. [5b, p.888] that the equation for 6- component bispinor
(γµνpµpν +M
2)Ψ(S=1)(x) = 0 (2.24)
can be transformed to the equations for left– and right–circularly polarized radiation when massless S = 1
field are considered. In fact, if propose that all ways of description of massless vector particles are equivalent
(at least when interaction is absent and intrinsic momenta are equal to zero), it is possible following for
Weinberg to assume interpretation of 6-component bispinors as{
Φ = ~E + i ~H,
Ξ = − ~E + i ~H (2.25)
( ~E and ~H are Pauli vectors). In fact, this is the formulation a la´ Majorana [30]-[32]. Thus, we come to the
Maxwell’s free-space equations (Eqs. (4.21) and (4.22) of ref. [5b]):{
~∇× [ ~E − i ~H] + i(∂/∂t)[ ~E − i ~H] = 0,
~∇× [ ~E + i ~H]− i(∂/∂t)[ ~E + i ~H] = 0, (2.26)
In the following Section we analyze this fact.
As mentioned in Introduction, Weinberg equations have some shortcomings which make it difficult to
describe consistently high-spin hadron phenomenology. Recently, considerable development of this formalism
has been undertaken by D. V. Ahluwalia et al. [6, 7]. First of all, new equation has been proposed in ref.[7a]
after analysis of transformation properties of left- and right- spinors:[
γµν...λp
µpν . . . pλ − ℘u,vM2SI
]
Ψ(~p) = 0. (2.27)
The incentives of implementing the additional factor ℘u,v are founded by different intrinsic spin parity of u
and v spinors and general structure of (S, 0)⊕ (0, S) theory with the transformation laws (2.2). As opposed
to the statement of Ryder [33, p.44], the rest spinors satisfy the following equation: φR(0) = ℘u,vφL(0), R
and L mark left- and right- spinors. In ref. [7a,b] it was found that this additional factor keeps for bosons
(this is not the case for fermions) in the configurational-space equation, e. g., for spin S = 1 one has[
γµν∂
µ∂ν − ℘u,vM2I6
]
= 0, (2.28)
I6 is the unit 6 ⊗ 6- matrix. Thus, (S, 0)⊕ (0, S) representation for massive particles is a realization of the
Bargmann- Wightman-Wigner-type quantum field theory [8], in which a boson (described by u spinors) and
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its antiboson (described by v spinors) have opposite intrinsic parities. Let us mention that in the case of
(12 ,
1
2 ) representation on which vector potential transforms particle-antiparticle pairs have the same intrinsic
parity. In ref. [7d] it was pointed out that Prof. C. Rubbia suggested to use the process γγ → W+W− in
order to check if W+ and W− carry the same or opposite intrinsic parity.
However, even with this equation (2.27) one have tachyonic solutions E2 = ~p2 −M2 which are to be
explained. In ref. [7a] interpretation on the basis of some reminiscences of m2 < 0 of the simplest versions
of quantum field theories with spontaneous symmetry breaking has been proposed. Namely, introduction
quartic interaction λ(Ψ¯(x)Ψ(x))2 could lead to the breaking of rotational symmetry (cosmic vortices are
possible manifestation of this breaking) and appearance of quartet of particles
{N±,N 0, ηˆ}, with one of
them ηˆ being a Goldstone-like spin-one massless particle.
3 Main Results
The main results obtained by the author in the preceding papers [34] are:
1) The scalar Lagrangian of Weinberg’s theory (the case of massless S = 1 particles and a la´ Majorana
interpretation of Weinberg’s WF, Eq. (2.25))
LJW = ∂µΨ¯γµν∂νΨ (3.1)
is shown to be equivalent to the Lagrangian of free massless skew-symmetric field LH = FkFk/8 (Fk =
iǫkjmnFjm,n), presented by Hayashi (1973), ref. [35]. It can be rewritten
LJW = (∂µFνα)(∂µFνα)− 2(∂µFµα)(∂νFνα) + 2(∂µFνα)(∂νFαµ) =
= −4LH − 2(∂µFµα)(∂νFνα), (3.2)
what confirms the above statement, taking into account the possibility of the use of the Fermi method
mutatis mutandis as in ref. [35]. The second term in (3.2) can be excluded by means of generalized Lorentz
condition (which is just well-known Maxwell motion equation)2. The Lagrangian describes massless particles
with the longitudinal physical components only. The transversal components are removed by means of the
new ”gauge” transformation:
Fµν → Fµν +A[µν] = Fµν + ∂νΛµ − ∂µΛν . (3.3)
2) The vector Lagrangian, proposed in ref. [34b],
Lα = −iΨ¯γαβ∂βΨ+ i(∂βΨ¯)γαβΨ (3.4)
gives the dynamical invariants which are equivalent to the ones found by Lipkin (1964) and Sudbery (1986),
ref. [36]. The tensor energy-momentum has the following components:
T
4}4
{i = (
~E~∇) ~H − ( ~H~∇) ~E + ~E(∇ ~H)− ~H(~∇ ~E), (3.5)
T
4}4
{4 =
~E[~∇× ~H ]− ~H[~∇× ~E], (3.6)
T
j}4
{i =
~∇∨
[
~E × ~H
]
, (3.7)
T
4]4
[i = −i[( ~E~∇) ~E + ( ~H ~∇) ~H + ~E(~∇ ~E) + ~H(~∇ ~H)], (3.8)
T˜i =
1
2
ǫijkT
k]4
[j =
[
( ~E~∇) ~H − ( ~H~∇) ~E + ~H(~∇ ~E)− ~E(~∇ ~H)
]
; (3.9)
and for spin tensor, as opposed to ref. [36b], we obtained
S4,ij4 = 0, (3.10)
2Let us mention some analogy with the potential formulation of QED. In some sense the Lagrangian (3.2) corresponds to
the choice of ”gauge-fixing” parameter ξ = −1, LH of ref. [35, formula (5)] corresponds to the ”Landau gauge” (ξ = 0), and
LH (formula (9) of the cited paper), to the ”Feynman gauge”(ξ = 1).
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but
S4,4i4 = −4
[
~E × ~H
]
i
. (3.11)
At last, we have the same expressions for Jµα as in ref. [36b]:
J44 = −2( ~E2 + ~H2), (3.12)
J4i = 4iǫijkEjHk, (3.13)
Jij = 2[( ~E
2 + ~H2)δij − EiEj −HiHj ], (3.14)
which are the components of energy-momentum tensor in the common-used formulation of QED. Thus,
”charge” is identified with the energy density of the field and energy-momentum conservation is associated
not with translational invariance but with invariance under duality rotations;
3) Since the result of item (1) is in contradiction with Weinberg theorem about connection between (A,B)-
representation of the Lorentz group and helicity of particle (B − A = λ, see Section 2) and, moreover, the
Weinberg massless equations [5b] admit the acausal (E 6= ±p) solutions [6c], new interpretation of the
Weinberg’s S = 1 bispinor has been proposed. It is based on the use of the axial-vector potential A˜k which
is constructed from the strength tensor F˜αβ =
i
2ǫαβµνFµν , dual to the electromagnetic field tensor,{
Φk = A˜k + iAk,
Ξk = A˜k − iAk.
(3.15)
4) The interaction Hamiltonian (two S = 1/2 particles and one massless S = 1 particle), which was
discussed, e. g., by Marinov (1968), ref. [37],
HΨψψ = g
∑
µ1 µ2 µ3
(
S1 S2 S3
µ1 µ2 µ3
)
φµ1(S1)φ
µ2
(S2)
φµ3(S3) ±
±
(
S1 S2 S3
µ˙1 µ˙2 µ˙3
)
χµ˙1(S1)χ
µ˙2
(S2)
χµ˙3(S3), (3.16)
where
(
S1 S2 S3
µ1 µ2 µ3
)
are the Wigner 3j- symbols, appears to lead to the equations
ih¯
∂ψ
∂t
= c~α · (~p− e ~A− ieγ5 ~˜A)ψ +mc2βψ, (3.17)
which could give the equation very similar to the Dirac oscillator ones3:

(E2 −m2)ξ =
[
~p 2 +m2ω2r2 + 2iEmω(~σ~r) + 3mω + 4mω~S[~r × ~p]
]
ξ,
(E2 −m2)η =
[
~p 2 +m2ω2r2 + 2iEmω(~σ~r)− 3mω − 4mω~S[~r × ~p]
]
η.
(3.18)
Similarly to [39] these equations include the term ∼ (~σ~r) and are not invariant under parity transformation.
To keep parity conservation it is necessary to assume that ω, a frequency, is a pseudoscalar quantity, what
means complicated dispersion law. However, similarly to the case of interaction of four bispinors, ”irreg-
ular” (terminology of Marinov) invariants (where upper and down components of bispinors are mixed) for
interaction between such types of fields were pointed out in ref. [37] to be possible (see also ref. [5b, p.890]).
In fact, in some sense the particle with spin one ”consists” of two particles with spin 1/2 since vector and
axial-vector have the transformation laws which are analogous to the ones of some combination of dotted
and undotted spinor, ref. [40]:
ξαβ˙(vector) ∼ ξαH β˙ + Ξαηβ˙ (3.19)
ξαβ˙(axial − vector) ∼ ξαH β˙ − Ξαηβ˙ (3.20)
3In the version of Moshinsky [38] interaction has been introduced in Dirac equation in the form: (~α~r)β; in the scalar
version [39] interaction has been introduced as m→ m
[
1 + ω
c
rγ5
]
.
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This fact gives the opportunity to construct ”irregular” invariant which leads to the same Dirac oscillator
equations as proposed in ref. [38].
The appearance of the new term (2iEmω(~σ~r)) can also be explained by the fact that it is possible to add
in the formula (5) of the paper [38] both the term −imωβ~r, which corresponds to the addition αi ∧ α4R4i
(where R4j = irj), and the one
mω
2 [~α × ~r], which corresponds to the interaction term 12αi ∧ αjRij (where
Rij = ǫijkrk), in accordance with bivector construction rules as the expansion in Clifford algebra in the
Minkowsky 4- dimensional space [41]. Thus, the interaction term for the Dirac oscillator is possible to
define:
R = −mωαi ∧ α4R4i + mω
2
αi ∧ αjRij . (3.21)
(cf. formula (32) in ref. [41, p. 244]). Thus, instead of the minimal form of electromagnetic interaction
(γµAµ) we have the bivector form interaction (similarly to introduction of the Pauli term but not applying
to antisymmetric field tensor).
We have also deduced the Hamiltonians for interaction of various spin particles from Eq. (3.16) following
ideas of decomposing left- and right- spinors into scalar (vector) and pseudoscalar (axial-vector) parts.
E. g., the Hamiltonian for interaction two spin-1/2 particles with spin- 0 particle (Φ(S=0) = φ + iφ˜ and
Ξ(S=0) = φ− iφ˜) is
Hψ¯ψφ =
g√
2
{
ψ¯ψφ− iψ¯γ5ψφ˜
}
. (3.22)
5) The presented formalism has been used for calculation of the scattering amplitude for two gluon
interaction
Tˆ (2)gg (
~k(−)~p, ~p) = −3g2V


[
p0(∆0 +M) + (~p~∆)
]2
−M3(∆0 +M)
M3(∆0 −M) +
+
i(~S1 + ~S2)
[
~p~∆
]
∆0 −M
[
p0(∆0 +M) + ~p~∆
M3
]
+
(~S1~∆)(~S2~∆)− (~S1~S2)~∆2
2M(∆0 −M) −
− 1
M3
~S1
[
~p~∆
]
~S2
[
~p~∆
]
∆0 −M

 . (3.23)
Analogously to the earlier works devoted to fermion-fermion interaction [42], we have
~∆ ≡ Λ−1~p ~k ≡ ~k(−)~p = ~k −
~p
M
(k0 −
~k~p
p0 +M
), (3.24)
∆0 ≡ (Λ−1~p k)0 = (k0p0 − ~k~p)/M, (3.25)
which are the 4-vector of momentum transfer in the Lobachevsky space. The remarkable fact is that the
amplitude coincides with the amplitude for interaction of two spinor particles in the Lobachevsky space
(p20 − ~p 2 = M2) except for obvious substitutions 1/[2m(∆0 −m)] → 1/~∆2 and ~S → ~σ. Furthermore, three
- dimensional covariant equal-time (quasipotential) equations have been found for the composite systems,
namely, fermion – boson of S = 1 (quark-diquark system), ref. [34d], and two bosons of spin S = 1
(gluonium), ref. [34g] and relativistic partial-wave quasipotential equations have been obtained for the singlet
gluonium state, the triplet one and the 5-plet gluonium state in the relativistic configurational representation
(RCR), ref. [34e], which is generalization of x-representation. Shapiro plane-wave functions [43] are to be
used instead of Fourier transformation, i. e.
V (r, ~n; ~p) =
1
(2π)3
∫
dΩ∆ ξ
∗(~∆;~r)V (~∆, ~p), (3.26)
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for the quasipotential and
Ψσ1σ2(r, ~n) =
1
(2π)3
∫
dΩp ξ(~p;~r)Ψσ1σ2(~p), (3.27)
for the bound state WF. The integration measure is
dΩp ≡ d3~p/
√
1 + ~p 2/M2. (3.28)
It is the invariant measure on the hyperboloid, p20 − ~p 2 = M2. The system of functions ξ(~p;~n, r) is the
complete orthogonal system of functions in the Lobachevsky space,
ξ(~p;~n; r) ≡ (p0 − ~p~n
M
)−1−irM . (3.29)
6) In the connection with the importance of axial-vector potential let me also reproduce the amplitude
for interaction between two fermions mediated axial-vector massless particle in the Lobachevsky space.
Tˆ
(2)
AV = −g2AV
{
(~σ1~σ2)
∆0 +m
∆0 −m + 2(~σ1~p)(~σ2~p)
∆0 +m
m2(∆0 −m)+
+ 2
[
(~σ1~p)(~σ2 ~∆) + (~σ1 ~∆)(~σ2~p)
] p0
m2(∆0 −m)+
+ (~σ1~∆)(~σ2 ~∆)
2p20 −m2
m2∆2
}
(3.30)
It can be used for realization of calculation program mentioned in footnote 1.
7) The relativistic analogue of the Shay-Good Hamiltonian has also been obtained in the Lobachevsky
space. The new magnetic momentum vector has been defined [34c,h].
Hˆ =
{
− e
M
[
(pµAµ)
(
1 +
1
3
∆0 −M
M
(
1− λ− 2κ
3
∆0 −M
M
))
+
+
1
2M2
(
~Θ ~E
)(
1 + λ+
∆0 −M
M
κ
)
− 1
2M2
(
~Ξ ~B
)(
1 + λ+
∆0 −M
M
κ
)
+
+
(pµAµ)
2M(∆0 +M)
Qik∆i∆k
(
1− λ− 2κ− 2
3
∆0 −M
M
κ
)]
+
+ 2e2
[
A2µ
(
1 +
2κ
3
∆0 −M
M
)
+A2µ
(~S~∆)2
M(∆0 +M)
(
1 +
2κ
3
∆0 −M
M
− κ
2
∆0 +M
M
)
−
− 1
M3
(pµAµ)(WνAν)(~S~∆)− 1
M2
(WµAµ)(WνAν)
(
1 +
∆0 −M
M
κ
)
−
− 1
M2
(WµAµ)(WνAν)
(~S~∆)2
M(∆0 +M)
(1 − 2κ)
]}
⊗D(1)
{
V −1(Λ~p, ~k)
}
(3.31)
In Eq. (3.31) the vectors
~Θ = (Σ(41),Σ(42),Σ(43)), (3.32)
~Ξ = i
(
Σ(23),Σ(31),Σ(12)
)
, (3.33)
constructed from the tensor components Σ(µν)(~p),
Σ(µν)(~p) =
1
2
{Wµ(~p)Wν(~p)−Wν(~p)Wµ(~p)} , (3.34)
have been used. Here Wµ(~p) is the Pauli-Lyuban’sky 4- vector of relativistic spin, Qik is the quadrupole
momentum tensor for vector particle. Thus, the vector e2M3
~Ξ could be defined as the vector of the magnetic
momentum for S = 1 particle moving with the linear momentum ~p.
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4 Conclusions
Conclusions are:
— Searches of satisfactory theories for description of high-spin particles (as well as alternative formulation
of vector boson theory) do have definite reasons because of some shortcomings of usual models.
— Weinberg’s 2(2S + 1)- formalism, which is used in the present work, is very similar to the standard
Dirac’s approach to spinor particles and, therefore, seems to be convenient for practical calculations.
— Interpretation of WF of massless S = 1 particle, which had been given by Weinberg [5b], is not
sufficiently satisfactory.
— We built, in fact, a bivector form of interaction between spinor particle and Weinberg’s vector boson
instead of a minimal form of interaction in the case of the proposed interpretation of the Weinberg’s WF
(Eq. 3.15).
— Estimations of eventual influence of this model on the experimental results deserve further elaboration.
Note Added. I am very grateful to Prof. J. S. Dowker for drawing my attention to his papers and papers of Morgan and Joseph
(see Appendix) who proposed tensor Lagrangians which the Lagrangian (3.4) is similar to.
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